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Abstract 

Background: Physical activity has been inversely associated with risk of several cancers. We performed a systematic 
review and meta-analysis to evaluate the association between physical activity and risk of esophageal cancer 
(esophageal adenocarcinoma [EAC] and/or esophageal squamous cell carcinoma [ESCC]). 

Methods: We conducted a comprehensive search of bibliographic databases and conference proceedings from 
inception through February 2013 for observational studies that examined associations between recreational and/or 
occupational physical activity and esophageal cancer risk. Summary adjusted odds ratio (OR) estimates with 95% 
confidence intervals (CI) were estimated using the random-effects model. 

Results: The analysis included 9 studies (4 cohort, 5 case-control) reporting 1,871 cases of esophageal cancer 
among 1,381,844 patients. Meta-analysis demonstrated that the risk of esophageal cancer was 29% lower among 
the most physically active compared to the least physically active subjects (OR, 0.71; 95% CI, 0.57-0.89), with 
moderate heterogeneity (1^ = 47%). On histology-specific analysis, physical activity was associated with a 32% 
decreased risk of EAC (4 studies, 503 cases of EAC; OR, 0.68; 95% CI, 0.55-0.85) with minimal heterogeneity (1^ = 0%). 
There were only 3 studies reporting the association between physical activity and risk of ESCC with conflicting 
results, and the meta-analysis demonstrated a null association (OR, 1.10; 95% CI, 0.21-5.64). The results were 
consistent across study design, geographic location and study quality, with a non-significant trend towards a 
dose-response relationship. 

Conclusions: Meta-analysis of published observational studies indicates that physical activity may be associated 
with reduced risk of esophageal adenocarcinoma. Lifestyle interventions focusing on increasing physical activity 
may decrease the global burden of EAC. 
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Background 

Esophageal cancer is the 6''^ most common cancer world- 
wide, and carries a high mortality after diagnosis following 
the onset of symptoms [1]. While the incidence of esopha- 
geal squamous cell cancer (ESCC) is declining in the 
United States, the incidence of esophageal adenocarcinoma 
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(EAC) has increased more than 6-fold in the last three 
decades [2]; this has been partly attributed to the obesity 
epidemic. Obesity, in particular central adiposity, has 
been implicated in a spectrum of reflux-related esopha- 
geal diseases including erosive esophagitis, Barrett's 
esophagus (BE) and EAC [3]. Routine endoscopic surveil- 
lance of patients with BE and endoscopic eradication 
therapy for a subset of patients with high-grade dysplasia 
are recommended [4] . However, this strategy is expensive 
and limited by suboptimal adherence and access. 
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Chemopreventive strategies using aspirin, statins or 
proton-pump inhibitors require a large number of pa- 
tients be treated to prevent a single cancer, making it dif- 
ficult to ascertain risk-benefit ratio and cost-effectiveness 
[3,5,6]. 

For non-tobacco users, diet and physical activity are 
the most important modifiable determinants of cancer 
risk [7]. Physical activity has been associated with a re- 
duced incidence and mortality from certain cancers, in- 
cluding proximal and distal colorectal cancer [8], gastric 
cancer [9], breast and endometrial cancers [7,10]. The 
protective effect of physical activity against cancer is pos- 
sibly mediated by counteracting the adverse carcinogenic 
effects of obesity, improving insulin sensitivity and de- 
creasing systemic inflammation leading to favorable 
immunomodulation [11,12]. There have been several 
studies reporting an inverse association between physical 
activity and risk of esophageal cancer [13,14], but results 
have been inconsistent [15,16]. Several systematic reviews 
on physical activity and cancer prevention have not ad- 
dressed esophageal cancer risk [7,17]. 

To better understand the relationship between phys- 
ical activity and esophageal cancer risk, in particular, the 
risk of EAC, we performed a systematic review with 
meta-analysis of all studies that investigated the associ- 
ation between physical activity and risk of esophageal 
cancer in adults. 

Methods 

This systematic review is reported according to the Pre- 
ferred Reporting Items for Systematic reviews and Meta- 
Analyses (PRISMA) guidelines [18]. The process followed 
a priori established protocol (available upon request). 

Search strategy and selection criteria 

A systematic literature search of PubMed (1966 through 
February 1, 2013), Embase (1988 through February 1, 
2013) and Web of Science (1993 through February 1, 
2013) databases was conducted to identify all relevant 
studies on the relationship between physical activity and 
risk of esophageal cancer. Studies considered in this 
meta-analysis were observational studies or randomized 
controlled trials (RCTs) that met the following inclusion 
criteria: (1) evaluated and clearly defined physical activity 
(recreational or occupational), (2) reported risk of 
esophageal cancer (EAC and/or ESCC) and (3) reported 
relative risk (RR) or odds ratio (OR) with 95% confidence 
intervals (CI) of the association between physical activity 
and esophageal cancer risk, or provided data for their cal- 
culation. A combination of key words was used in the 
search: (exercise OR physical activity OR walking OR 
motor activity) AND (esophagus) AND (cancer OR neo- 
plasm OR carcinoma). Expansion of the search to com- 
bination of physical activity and cancer did not result in 



identification of any additional articles. Then, per the 
protocol-defined study inclusion and exclusion criteria, 
two authors (S.S. and J.E.V.), independently reviewed the 
title and abstract of studies identified in the search to ex- 
clude studies that did not investigate the association be- 
tween physical activity and the risk of esophageal cancer. 
The full text of the remaining articles was examined to 
determine whether it contained relevant information. 
Next, the bibliographies of the selected articles, as well as 
review articles on the topics were manually searched for 
additional articles. We also searched conference proceed- 
ings of major gastroenterology (Digestive Diseases Week, 
United European Gastroenterology Week, American Col- 
lege of Gastroenterology annual meeting) and oncology 
conferences (American Society of Clinical Oncology an- 
nual meeting and Gastrointestinal Research Forum; 
European Society of Medical Oncology annual meeting 
and World Congress on Gastrointestinal Cancer) from 
2005-2012 for studies that had been published only in 
the abstract form. Inclusion was not otherwise restricted 
by study size, language or publication type. Studies that 
examined only the association between physical activity 
and cancer-related mortality were excluded. When there 
were multiple publications from the same population, 
only data from the most comprehensive report were in- 
cluded. The flow diagram summarizing study identifica- 
tion and selection is shown in Figure 1. 

Data abstraction 

After study identification, data on study and patient char- 
acteristics, exposure and outcome assessment, potential 
confounding variables and estimates of association were 
independently abstracted onto a standardized form by 
two authors (S.S. and S.D.). The following data were col- 
lected from each study: (a) study and patient characteris- 
tics: primary author, time period of study/year of 
publication, country of the population studied, age, sex, 
body mass index; (b) physical activity measurement: phys- 
ical activity domain assessed (recreational and/or occupa- 
tional) and instrument used for measurement (whether 
valid and reliable); (c) esophageal cancer ascertainment: 
histology-specific relationship (EAC and ESCC), method 
of outcome ascertainment (self-report, cancer registry 
with or without independent validation); (d) potential 
confounding variables accounted for: age, sex, obesity, 
race/ethnicity, cigarette smoking, alcohol intake, family 
history of esophageal cancer, other medication use (as- 
pirin/non-steroidal anti-inflammatory drugs [NSAIDs], 
statins, proton-pump inhibitors) and (e) estimates of as- 
sociation between physical activity and esophageal cancer 
risk: adjusted RR or OR and 95% confidence interval (CI). 

If a study combined the two physical activity domains 
(recreational and occupational) into a single measure, 
then the effect estimate for the combined measure result 
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908 records idemificd through 
database searching 



12 additional records identified 

through other sources 
(snowballing, abstract search) 



422 abstracts reviewed 



37 Ful! Texts Reviewed 



9 studies included in 
quantitative s>'nthcsis 
(meta-analysis) 



422 records after duplicates removed 



Excluded based on title and abstract review - 390 

• No spccitk information on esophageal cancer or 
pliysica! activity 

• Basic Science Anielcs/Reviews/Editorials 



Excluded - 2S 

• No infoimation on esophageal cancer specific risk (19) 
> Incomplete information to calculate ctTect size (6) 

• Lack of control group (2) 

' Esophagealcancermonality(l) 



Figure 1 Flow (diagram summarizing study identification and selection. 



was used for the primary meta-analysis. If a study re- 
ported the effect estimates for two or more domains of 
physical activity separately, then we pooled the results 
into a single measure using fixed effects model of meta- 
analysis. If a study reported the effect of physical activity 
at multiple periods or ages and over the lifetime, we 
used the lifetime result. For all studies, we used the re- 
sult that compared the most active group with the least 
active group (reference group). For studies in which the 
most active group was used as the reference group, we 
inverted the effect size and 95% CI. To estimate the 
dose-response relationship, using the least active group 
as reference, we measured the association between the 
middle tertile/quartile and reference as well as the asso- 
ciation between the highest tertile/quartile and refer- 
ence, and analyzed whether the difference between these 
estimates was significantly different. Conflicts in data ab- 
straction were resolved by consensus, referring back to 
the original article. 

Quality assessment 

The risk of bias in included studies was assessed by two 
authors independently (S.S. and J.E.V.), using the method- 
ology suggested by Boyle et al. [8]. Briefly, we used a 
three-item checklist to identify whether studies were at 
low or high risk of bias, based on: (a) study design - low 
risk of bias if studies were cohort or population-based 
case-control studies, and high risk of bias if hospital- 
based case-control or exclusively cancer registry-based; 
(b) instrument used to measure physical activity - low 
risk of bias if instrument was reliable as shown in index 
study or related study, and high risk of bias if not re- 
ported; (c) key variables adjusted or accounted for: age, 
sex and obesity. If a study adjusted, matched or accounted 
for the potential confounding effect of age, sex and obes- 
ity in their analysis, then those studies were considered to 
be at low risk of bias, otherwise they were considered to 



be at high risk of bias. Overall, if a study was deemed to 
be at low-risk of bias across all these domains, then it was 
considered a high-quality study; if the study was at high- 
risk of bias across one or more of the three domains, then 
it was considered low-quality study [8]. The overall agree- 
ment between the two reviewers for the final determin- 
ation of each study was excellent (Cohen's k = 0.86), and 
disagreements were resolved by consensus. 

Outcomes assessed 
Primary outcome 

The primary analysis focused on assessing the association 
between physical activity and the risk of (a) overall esopha- 
geal cancer, as well as by (b) histological subtypes - EAC 
and ESCC. 

Subgroup analysis 

A priori hypotheses to examine robustness of association 
and explain potential heterogeneity in the direction and 
magnitude of effect among different observational stud- 
ies included location of study (Western population v. 
Asian population), study design (case-control v. cohort) 
and study quality (high v. low). In addition, we measured 
the impact of recreational and occupational activity do- 
mains separately, since the former is the modifiable as- 
pect of energy expenditure. 

Statistical analysis 

We used the random-effects model described by DerSi- 
monian and Laird to calculate pooled OR and 95% CI 
[19]. Since outcomes were relatively rare, OR were con- 
sidered approximations of RR. Adjusted OR reported in 
studies was used for analysis to account for confounding 
variables. We assessed heterogeneity between study- 
specific estimates using the inconsistency index [20]. To 
estimate what proportion of total variation across studies 
was due to heterogeneity rather than chance, I^ statistic 
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was calculated. In this, a value of <30%, 30%-60%, 61%- 
75% and >75% were suggestive of low, moderate, sub- 
stantial and considerable heterogeneity, respectively 
[21]. Once heterogeneity was noted, between-study 
sources of heterogeneity were investigated using sub- 
group analyses by stratifying original estimates accord- 
ing to study characteristics (as described above). In this 
analysis also, a p-value for differences between sub- 
groups of <0.10 was considered statistically significant 
(i.e., a value of p < 0.10 suggested that stratifying based 
on that particular study characteristic partly explained 
the heterogeneity observed in the analysis). Given the 
small number of studies identified in our analysis, statis- 
tical tests for assessing publications bias were not per- 
formed [22]. All p-values were two tailed. For all tests 
(except for heterogeneity), p < 0.05 was considered sta- 
tistically significant. All calculations and graphs were 
performed using Comprehensive Meta-Analysis (CMA) 
version 2 (Biostat, Englewood, NJ). 

Results 

Study flow 

From 422 unique studies identified using the search strat- 
egy, 9 studies met the inclusion criteria [13-16,23-27]. 
These studies reported on the association between 
physical activity and 1,871 cases of esophageal cancer 
among 1,381,844 patients. During the peer review 
process, with an updated search till May 1, 2014, an 
additional hospital case-control study from India was 
identified with 704 cases of ESCC [28]. No relevant 
RCTs were identified. The coefficient of agreement be- 
tween the two reviewers for study selection was excel- 
lent (Cohen's k = 0.82). Sbc studies on dietary or 
socioeconomic risk factors for cancer mentioned asses- 
sing physical activity as a covariate but did not specific- 
ally measure or report association between physical 
activity and esophageal cancer per se [29-34]; four of 
these studies were published more than 15 years ago 
and hence, data was not accessible; additional data 
could not be obtained from contacting authors of two 
recent studies and hence, these were excluded. Two 
studies did not have an appropriate control group 
[35,36]. In a Dutch cohort, de Jonge and colleagues 
compared the mean physical activity levels in patients 
with EAC, ESCC and gastric cardia adenocarcinoma, 
but there was no referent population to allow calcula- 
tion of a risk estimate [35]. The same group compared 
differences in physical activity levels in patients with BE 
with and without EAC and did not observe any signifi- 
cant differences, but an estimate of EAC risk among the 
most physically active to the least physically active was 
not possible [36]. One study reported the association 
between physical activity and mortality from esophageal 
cancer, and was excluded [37]. 



Characteristics and quality of included studies 
Baseline characteristics 

The characteristics of these studies are shown in Table 1. 
The earliest cohort study recruited patients starting in 
1978 and latest completed recruitment in 2007, with 
mean reported follow-up ranging from 6 to 18.8 years. 
Seven studies were performed in the Western popula- 
tion (5 in North America, 2 in Europe) [13-16,23,25,26] 
and two studies were performed in Asian population 
[24,27] . Four studies were performed exclusively in men 
[13,23-25]. In three studies, recreational (with or with- 
out household) physical activity was the only measured 
domain [16,23,24]; in three studies, only occupational 
physical activity was inferred based on the job-title 
[14,26,27]. Physical activity was assessed using self- 
administered questionnaire in most of the studies, and 
was based on a combination of intensity, duration and 
frequency of recreational physical activity. Of the nine 
studies, three reported exclusively on risk of EAC 
[14,15,26], and one reported exclusively on the risk of 
ESCC [27]; four studies reported on risk of esophageal 
cancer with no separate information on risk by 
histological-subtype [13,23-25]. 

Quality assessment 

Four observational studies (all cohort studies) were at 
low-risk of bias based on study design, exposure ascer- 
tainment and adjusting for key confounding variables, 
and were deemed to be of high quality (Table 2) 
[15,16,23,24]. The included studies variably accounted 
for other potential confounders: smoking (8/9), obesity 
(7/9), alcohol use (5/9) and family history of esophageal 
cancer (3/9); none of the studies adjusted for gastro- 
esophageal reflux symptoms. Socioeconomic status, 
which appears to have inverse association with physical 
activity was accounted for in 5/9 studies. For outcome 
ascertainment, most studies relied on record linkage 
through the cancer registry (with or without review of 
death certificates and pathology databases), or review of 
medical records. In all these studies, a temporal relation 
between exposure and outcomes was established - phys- 
ical activity preceded esophageal cancer by at least 1 year, 
and usually longer periods. 

Physical activity and risk of esophageal cancer 
Overall risk of esophageal cancer 

Of the nine studies identified, four reported a statistically 
significant inverse association between overall physical 
activity and esophageal cancer risk [13,14,26,27]. On 
meta-analysis, risk of esophageal cancer was 29% lower 
among the most physically active people as compared 
with the least physically active people (OR, 0.71; 95% CI, 
0.57-0.89) (Figure 2). There was moderate heterogeneity 
observed across studies (I^ = 47%). 



Singh et al. BMC Gastroenterology 2014, 14:101 
http://www.biomedcentral.com/1471-230X/14/101 



Page 5 of 1 1 



Table 1 Baseline characteristics of the included studies 



First Author, 


Study Setting; 


Time 


Total no. of 


No. of 


Physical 


Physical Outcome 


Variables 


Year of 


Location 


Period; 


participants 


esophageal 


activity 


activity measurement 


adjusted for 


Publication 




Follow-up 




cancer cases 


domain 


measurement; 












(EAC/ESCC) 




valid/reliable 





Cohort Studies 



Huerta, 2010 
[15] 



Popula'tion- 
based; Europe 
(European 
Prospective 
Investigation into 
Cancer and 
Nutrition); 25-70y 
old men and 
women 



Recruitment: 
1 992-2000; 
F/U: 8.8y 



420,449 



Total: 85 
EAC: 85 
ESCC: NA 



Recreational + Self- 
Occupational administered 
(separate also) questionnaire; 
Yes 



Central Cancer 
Registries; health 
insurance 
records, cancer 
and pathology 
hospital registries, 
active follow-up 



1,2,3,5,6,7,£ 



Leitzmann, 


Population- 


Recruitment: 


487,732 


Total: 523 


Recreational 


Self- 


Central Cancer 


1,2,3,4,5,6,7,8,9 


2009 [16] 


based; USA (NIH- 
AARP Diet and 
Health Study); 50- 
71y old men and 
women 


1995-1996; 
F/U: 8y 




EAC: 149 
ESCC: 374 




administered 

questionnaire; 

Yes 


Registry 




Wannamethee, 


Population- 


Recruitment: 


7,588 


Total: 65 


Recreational 


Self- 


Central Cancer 


1,2,3,5,6,9 


2001 [23] 


based; England 
(British Regional 
Heart Study); 40- 
59 y old men 


1978-1980; 
F/U 18.8y 




EAC: NR 
ESCC: NR 




administered 

questionnaire; 

Yes 


Registry, death 
certificates, posta 
follow-up 




Yun, 2008 [24] 


Population- 


Recruitment: 


444,963 


Total: 293 


Recreational 


Self- 


Central Cancer 


1,2,3,4,5,6,7,10 




based; Korea 
(National Health 


1 996; F/U 6y 




EAC: NR 




administered 
questionnaire; 


registry 






Examination 






ESCC: NR 




Yes 








Program); >40y 


















old men 
















Case-control Studies 


Balbuena, 2008 


Hospital-based; 


2002-2004 


327 


Total: 57 


NR 


NR 


NR 


NR 


[26] 


Canada 






EAC: 57 
ESCC: NA 










Brownson, 


Cancer Registry; 


1984-1989 


17,147 


Total: 237 


Occupational 


Job-title based; 


Central Cancer 


1,2,3,5 


1991 [25] 


USA; >20y men 




(all cancer 
patients) 


EAC: NR 
ESCC: NR 




No 


Registry 




Etemadi, 2012 


Hospital-based; 


2003-2007 


871 


Total: 300 


Occupational 


Self- 


Gastroenterology 


1,2,5,8,9 


[27] 


Iran 






EAC: NA 
ESCC: 300 




administered 

questionnaire; 

No 


Clinic, based on 

histological 

validation 




Parent, 2010 


Population- 


1979-1985 


784 


Total: 99 


Recreational + 


nterviewer- 


Central Cancer 


1,2,3,4,5,6,7,9 


[13] 


based; Canada; 
35-70y old men 






EAC: NR 
ESCC: NR 


Occupational 
(separate also) 


administered 

questionnaire; 

No 


Registry, with 
independent 
validation 




Vigen, 2006 


Population- 


1992-1997 


1,983 


Total: 212 


Occupational 


Job-title based; 


Central Cancer 


1,2,3,4,5,9 


[14] 


based; USA; 30- 
74y old men and 
women 






EAC: 212 
ESCC: NA 




No 


Surveillance 
Program 




Dar 2013* [28] 


Hospital-based; 
India 


2008-2012 


2,367 


Total: 703 
EAC: NA 
ESCC: 703 


Occupational 


Job-title based; 
No 


Hospital 
oncology clinic, 
based on 
histological 
validation 


1,2,4,5,6,7,9 



*additional study identified during the peer review process with an updated search (1-Age, 2-Sex, 3-Obesity (BMI, Weight), 4- 
7-Dietary factors, 8-Family history of esophageal cancer, 9-Education and Socioeconomic status, 10-Diabetes) [Abbreviations: 
fSCC-Esophageal squamous cell carcinoma; F/L/-Follow-up; W/A-Not applicable; NR-Hot reported]. 



Race/Ethnicity, 5- Smoking, 6-Alcohol, 
EyAC- Esophageal adenocarcinoma; 
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Table 2 Quality assessment of included studies 




Bias in study 
design 


Bias in instrument to measure physical 
activity 


Bias in accounting for confounding 
variables 


Overall quality of 
study 


Cohort studies 


Huerta [15] 


Low 


Low 


Low 


High 


Leitzmann [16] 


Low 


Low 


Low 


High 


Wannamethee 
[23] 


Low 


Low 


Low 


High 


Yun [24] 


Low 


Low 


Low 


High 


Case-control Studies 


Balbuena [26] 


High 


High 


High 


Low 


Brownson [25] 


High 


High 


Low 


Low 


Etemadi [27] 


High 


High 


High 


Low 


Parent [13] 


Low 


High 


Low 


Low 


Vigen [14] 


Low 


High 


Low 


Low 



Briefly, we used a three-item checklist to identify whether studies were at low or high risk of bias, based on: (a) study design - low risk of bias if cohort or 
population-based case-control studies, and high risk of bias if hospital-based case-control or exclusively cancer registry-based; (b) instrument used to measure 
physical activity - low risk of bias if instrument valid and reliable as shown in index study or related study, and high risk of bias if not reported; (c) key variables 
adjusted or accounted for: if a study adjusted, matched or accounted for the potential confounding effect of age, sex and obesity in their analysis, then those 
studies were considered to be at low risk of bias, otherwise they were considered to be at high risk of bias. Overall, if a study was deemed to be at low-risk of bias 
across all these domains, then it was considered a high-quality study, otherwise it was considered a low-quality study. 



Risk of esophageal adenocarcinoma 

Of the four studies identified [14-16,26], two reported a 
statistically significant inverse association between 
physical activity and EAC risk [14,26]. On meta- 
analysis, risk of EAC was 32% lower among the most 
physically active people as compared with the least 
physically active people (OR, 0.68; 95% CI, 0.55-0.85) 
(Figure 3). There was minimal heterogeneity observed 
across studies (I^ = 0%). 



Risl< of esoptiageal squamous cell carcinoma 

Only two studies reported the association between 
physical activity and risk of ESCC [16,27]. One of them, 
performed in Iran, observed a strong inverse association 
[27], whereas the other, performed in the United States, 
reported a null association [16]. During the peer review 
process, another low quality, case-control study pub- 
lished after data of search was identified. This study 
performed in India reported a 5-fold higher risk of 



Physical Activity and Risk of Esopiiageai Cancer 



Studyname Subgroup wtthin study 



Oddsratto and 95% CI 







Odds 


Lowar Upper 






ratio 


RmK 


■mit 


Brownson 


AH EC 


1A3 


0.61 


335 


Balbuona 


AflEC 


0^8 


0.39 


OJST 


Huarta 


AIEC 


0^8 


0.48 


2.01 


Loltxmann 


AiEC 


0^4 


0.63 


1.11 


Parent 


AUEC 


O^d 


0.31 


0.94 


Vl||»n 


AIEC 


0.61 


0^6 


0^ 


WannaiiMthMAI EC 


0.46 


0.11 


1.92 


Yun 


AEIC 


0.84 


0.66 


1.06 


Etamedl 


AIEC 


0.17 


0J}5 


0.58 






0.71 


0.57 


0^ 



Decreased increased 



Figure 2 Physical activity and risk of esophageal cancer. 
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Physical Activity and Risit of Esopiiageai Adenocarcinoma 



study name subgroup wittiin study 

Balbuena EAC 

Huarta EAC 

Leitanam EAC 

Vigen EAC 



Odds Lower Upper 

ratio limit limit 

0.S8 0.39 0.87 

0.ge 0.46 2.01 

0.75 0.53 1.06 

0.61 0.36 0.96 

0.66 0.55 0.85 



Figure 3 Physical activity and risk of esophageal adenocarcinoma. 



Odds ratio and 95% CI 



Decreased Increased 



ESCC in patients with the highest level of occupational 
physical activity. On meta-analysis, there was no associ- 
ation between physical activity and risk of ESCC (OR, 
1.10; 95% CI, 0.21-5.64), albeit with considerable het- 
erogeneity (I^ = 95%). 

Subgroup and sensitivity analyses 
Subgroup analysis 

On sub-group analysis, the association between physical 
activity and risk of esophageal cancer was stable across 
case-control and cohort studies, and across Western 
and Asian population (Table 3). On analysis by domain 
of physical activity, recreational physical activity, the po- 
tentially modifiable component of physical activity, was 
associated with a decreased risk of esophageal cancer 
(OR, 0.79; 95% CI, 0.67-0.93; I^ = 0%). 

Dose-response relationship 

A non-significant trend towards an inverse dose re- 
sponse relationship between physical activity and 
esophageal cancer risk was observed. Using the least ac- 
tive group as reference, people in the middle fertile or 
2"'' quartile of physical activity had a non-statistically 



significant 12% lower risk of esophageal cancer (5 stud- 
ies; OR, 0.88; 95% CI, 0.70-1.10; f = 19%) [14-16,23,25]. 
In comparison, the most physically active people (high- 
est tertile of physical activity or 4* quartile) had a 24% 
lower risk of esophageal cancer (5 studies; OR, 0.76; 
95% CI, 0.60-0.97; I^ = 0%). 

High-quality studies 

On restricting analysis to the four high-quality studies 
[15,16,23,24], we observed that physical activity is 
associated with a 16% lower risk of esophageal cancer, 
though this association did not reach pre-specified stat- 
istical significance (OR, 0.84; 95% CI, 0.71-1.00; p = 
0.05). The results were consistent across studies (I^ = 
0%). 

Sensitivity analysis 

To assess whether any one study had a dominant ef- 
fect on the summary OR, each study was excluded and 
its effect on the main summary estimate was evalu- 
ated. While no study significantly affected the sum- 
mary estimate, exclusion of the study by Etemadi and 
colleagues on the association between physical activity 



Table 3 Sub-group analyses, as well as dose-response relationship, on the association of physical activity and 



esophageal cancer risk 



Groups 


Categories 


No. of Studies 


Adjusted OR 


95% CI 


Heterogeneity within groups (P) 


P-difference between groups 


Study Design 


Case-control 


5 


0.59 


0.40-0.88 


51 




0.11 




Cohort 


4 


0.84 


07M.00 


0 




Study Location 


Asian 
Western 


2 
7 


0.43 
0.72 


0.09-2.00 
0.58-0.89 


84 
18 




0.51 


Study Quality 


High 

Low 


4 

5 


0.84 
0.59 


071-1.00 
040-0.88 


0 
51 




0.11 


Dose-response 


Middle tertile" 
Highest tertile" 


5 
5 


0.88 
0.76 


0.70-1.10 
0.60-0.97 


19 
0 




0.41 



^using least active people as reference category [Abbreviations: £AC-Esophageal adenocarcinoma; ESCC- Esophageal squamous cell carcinoma]. 
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and risk of ESCC resulted in resolution of the previ- 
ously observed marked heterogeneity in the analysis. 
The favorable and strong effect sizes observed in 
this single study were causing heterogeneity in the 
strength, but not the direction, of overall association. 
On analysis after excluding this study, the summary 
estimate remained significant (OR, 0.76; 95% CI, 0.64- 
0.89) and minimal heterogeneity was observed in the 
analysis (I^ = 15%). 

Given the small number of studies identified in our 
analysis, statistical tests for assessing publications bias 
were not performed. 

Discussion 

Based on the evidence derived from this systematic re- 
view and meta-analysis of published studies, increasing 
physical activity is associated with a 29% lower risk of 
esophageal cancer, after adjustment for important con- 
founders including age, obesity and other risk factors for 
esophageal cancer. After exclusion of one study, which 
was responsible for heterogeneity, a 24% reduction in risk 
of esophageal cancer with increasing physical activity was 
a more conservative and consistent estimate. Specifically, 
the risk reduction was primarily seen in risk of EAC (32% 
lower risk amongst the most physically active people than 
the least active people), which has been strongly associ- 
ated with obesity-associated chronic inflammation. We 
did not observe a significant association between physical 
activity and risk of ESCC, though the number of studies 
was small (3 studies). The analysis was considerably lim- 
ited due to the conflicting observations from two of the 
included studies, with one showing a strong inverse asso- 
ciation (OR, 0.16) and another showing a strong direct 
association (higher risk of ESCC with increasing occupa- 
tional physical activity) (OR, 5.65). The results were 
stable across cohort and case-control studies in both 
Asian and Western population. Importantly, recreational 
physical activity, the potentially modifiable component of 
energy expenditure, was independently associated with 
reduced risk of esophageal cancer, with a trend towards a 
dose-response relationship. 

With the high incidence and poor prognosis associated 
with esophageal cancer, cost-effective strategies aimed at 
preventing esophageal cancer are highly desirable. While 
chemopreventive strategies are attractive, currently, their 
cost-effectiveness and risk-benefit ratio is difficult to as- 
certain. This EAC risk modification observed with phys- 
ical activity is comparable to the 30-40% risk reduction 
seen with aspirin/NSAID and statin use [3,5]. Moreover, 
this point estimate for EAC risk reduction with physical 
activity is comparable to the more established 21%, 24% 
and 27% reduction in risk for gastric [9], colorectal [38] 
and endometrial cancer [10], respectively. Previous sys- 
tematic reviews have summarized evidence from 



epidemiological studies on the association between phys- 
ical activity and gastrointestinal cancer prevention and 
mortality [26,39]. However, in those reviews, only a sin- 
gle electronic database was searched resulting in some 
missed studies; there was no quality appraisal of current 
literature on this topic. A quantitative synthesis of the 
literature to calculate a summary estimate was not per- 
formed for the overall association or for sub-groups. In 
its 2007 report on the role of food, nutrition and phys- 
ical activity, the World Cancer Research Fund and 
American Institute of Cancer Research did not make 
any statement on the role of physical activity in decreas- 
ing esophageal cancer risk [7]. 

Physical activity can modify the risk of cancer through 
several proposed mechanisms. Metabolic syndrome and 
insulin resistance have been associated with increased 
risk of cancer, particular EAC [40-43]. This is mediated 
by adipokines and cytokines released by metabolically ac- 
tive visceral fat, which result in chronic hyperinsulinemia 
and increase risk of insulin-like growth factor-mediated 
carcinogenesis [44]. Exercise decreases visceral fat, lower- 
ing the level of carcinogenic adipocytokines, improves 
insulin sensitivity and reduces fasting insulin and C- 
peptide levels, and may decrease insulin-like growth 
factor- 1 [12]. Physical activity has been shown to de- 
crease chronic inflammation in intervention trials de- 
creasing interleukin-6 and tumor necrosis factor-a, 
independent of weight loss [12]. Additionally, exercise 
has been shown to have immunomodulatory effects, im- 
proving innate and acquired immune response, promot- 
ing tumor surveillance [12,45]. Studies have also shown 
that aerobic exercise can decrease oxidative stress and 
enhance DNA repair mechanisms, decreasing carcino- 
genesis [45] . Physically active individuals also have higher 
sunlight exposure and consequently, increased vitamin D 
levels, which may modify cell proliferation cascades [46]. 

Strengths and limitations 

The strengths of this analysis include (a) comprehensive 
assessment of the association between physical activity 
and overall and histological-subtype specific risk of 
esophageal cancer; (b) analyses accounting for the effect 
of potential confounders particularly age, obesity and 
other risk factors for esophageal cancer such as smoking 
and alcohol use, in summarizing risk estimates by using 
the maximally adjusted point estimates from each study; 
(c) incorporating the effect of both recreational and oc- 
cupational physical activity, independently on esophageal 
cancer risk; (d) assessment of a dose-response relation- 
ship; (e) sensitivity analyses based on study quality and 
(f) inclusion of all available studies and not restricting 
analysis based on study design, publication type or lan- 
guage, and hence, being at low risk for selection or pub- 
lication bias. 
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There are several limitations in our study. First, the 
meta-analysis included only observational studies. No ran- 
domized controlled trials have been performed to explore 
this association. Despite adjusting for numerous covari- 
ates, it is not possible to eliminate the potential of residual 
confounding. It is possible that the observed decreased 
risk of esophageal cancer seen in more physically active 
people may relate to a 'healthy user' bias [47]. Physically 
active people may be more compliant with preventive 
health measures, as compared to patients who are not 
physically active. Physically inactive, and potentially poorly 
compliant, patients may have other unhealthy lifestyle 
practices predisposing them to esophageal cancer. While 
most of the studies accounted for some such lifestyle fac- 
tors such as obesity, smoking and alcohol use, socioeco- 
nomic status was not consistently accounted for. 
Socioeconomic status interacts with both exposure (level 
of physical activity) and outcome (risk of esophageal can- 
cer), and may have contributed to unmeasured confound- 
ing. Additionally, none of the studies adjusted for the 
presence of reflux symptoms or erosive esophagitis. Mod- 
erate, but not intense, physical activity has been associated 
with decrease in reflux symptoms in obese subjects, but 
not in non-obese subjects [48,49]. Hence, what is per- 
ceived as a physical activity-mediated effect may indeed 
represent a sum of events and interactions, which modify 
esophageal cancer risk in these physically active people. 
That said, an independent protective association was also 
observed on restricting analysis to high quality studies. 
Second, we could not assess for publication bias due to 
the small number of studies on this topic. Six studies on 
dietary or socioeconomic risk factors for cancer measured 
physical activity as a covariate, but did not measure the as- 
sociation between physical activity and esophageal cancer; 
one study measured the association but did not provide 
sufficient data on effect size, suggesting the presence of 
reporting and probable publication bias [31]. Third, mod- 
erate heterogeneity was observed in the overall analysis, 
which was primarily attributable to a single study, which 
showed a strong inverse association between physical ac- 
tivity and risk of ESCC [27] . Fourth, no credible inference 
can be drawn on the association between physical activity 
and risk of ESCC, due to the small number of low quality 
studies with markedly conflicting results. The timing, in- 
tensity and domain of physical activity may influence its 
association with health outcomes, but a detailed assess- 
ment of all these factors was not reported in individual 
studies. Another potential limitation that particularly ap- 
plies to case-control studies evaluating cancer risk is re- 
call bias, especially since most of these studies used a self- 
administered questionnaire to measure physical activity. 
However, on sub-group analysis, pooled analysis of pro- 
spective cohort studies reported a similar association be- 
tween physical activity and esophageal cancer risk, and 



there was no significant difference in risk estimates be- 
tween case-control and cohort studies. 

Conclusions 

Based on this systematic review and meta-analysis of all 
observational studies, we observed that the risk of esopha- 
geal cancer, in particular EAC, may be lower among the 
most physically active people as compared with the least 
physically active people. Hence, EAC risk reduction may 
be an additional benefit to a myriad of health benefits with 
being physically active, which include cardiovascular, meta- 
bolic and psychological wellbeing. Currently, it is unclear 
what is the ideal type, intensity, frequency and time period 
of physical activity that may modify cancer risk. An on- 
going, 24-week randomized controlled trial of moderate- 
intensity aerobic and resistance training in overweight 
males with BE to estimate its effect on risk of progression 
to EAC may help shed more light on this topic [50]. For 
now, in the absence of interventional studies of physical ac- 
tivity on cancer risk, the American Cancer Society recom- 
mends "adopting a physically active lifestyle" and suggests 
that "adults engage in at least 150 minutes of moderate in- 
tensity or 75 minutes of vigorous intensity activity each 
week, or an equivalent combination, preferably spread 
throughout the week" [51]. 
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